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[0001] The present embodiment relates generally to a relative permeability modifying 
polymer for use with spacer fluids for introduction into a subterranean zone penetrated by a well 
bore. 

[0002] While drilling oil and gas wells, a drilling fluid is circulated through the string of drill 
pipe, through the drill bit and upwardly to the earth's surface through the annulus formed 
between the drill pipe and the surface of the well bore, thereby cooling the drill bit, lubricating the 
drill string and removing cuttings from the well bore. 

[0003] When the desired drilling depth of the well is reached, another "performance" fluid, 
such as a slurry containing a cement composition, is pumped into the annularspace between 
the walls of the well bore and pipe string or casing. In this process, known as "primary 
cementing," the cement composition sets in the annulus, supporting and positioning the casing, 
and forming a substantially impermeable barrier, or cement sheath, which isolates the casing 
from subterranean zones. 

[0004] A spacer fluid is a fluid used to displace one performance fluid, such as a drilling 
fluid, in a well bore before the introduction into the well bore of another performance fluid, such 
as a cement slurry. Spacer fluids are often used in oil and gas wells to facilitate improved 
displacement efficiency when pumping new fluids into the well bore. Spacer fluids are also used 
to enhance solids removal during drilling operations, to enhance displacement efficiency and to 
physically separate chemically incompatible fluids. For instance, in primary cementing, the 
cement slurry is separated from the drilling fluid and partially dehydrated gelled drilling fluid may 
be removed from the walls of the well bore by a spacer fluid pumped between the drilling fluid 
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and the cement slurTy. Spacer fluids may also be placed between different drilling fluids during 

drilling fluid change outs or between a drilling fluid and a completion brine. 

[0005] It is understood that the well bore may pass through zones which produce water 

instead of hydrocarbons. Besides being highly undesirable during the production phase of a 

well, water producing zones can cause problems in the well bore with certain completion 

activities. 

[0006] Recently, wells in the production phase have been successfully treated with 
compounds known as relative permeability modifiers, which decrease the co-production of water 
with hydrocarbons by reducing the flow of water through hydrocarbon producing formations, yet 
have little or no effect on the permeability of the formations with respect to hydrocarbons. 
However, it is desirable to curb water production as early as possible in the life of a well, and to 
produce more effective relative permeability modifying compositions. 

[0007] Thus, what is needed is a method and composition for modifying the permeability of 
water producing zones by the use of a relative permeability modifying composition in a spacer 
fluid. 



Description 

[0008] The present embodiment provides an aqueous well treatment fluid comprising a 
water soluble relative permeability modifier. According to a first embodiment, the water soluble 
relative permeability modifier is a hydrophobically modified water soluble polymer. According to 
a second embodiment, the water soluble relative permeability modifier is a hydrophilically 
modified water soluble polymer. 

[0009] In the first embodiment, the hydrophobically modified relative permeability modifier is 
preferably the reaction product of a hydrophilic reactive polymer and a hydrophobic compound. 
Hydrophilic reactive polymers suitable for use in the aqueous solutions of this embodiment are 
preferably polymers containing reactive amino groups in the polymer backbone or as pendant 
groups. A more preferable polymer has dialkyl amino pendant groups. Most preferably the 
polymer has a dimethyl amino pendant group and is the product of a polymerization reaction in 
which at least one monomer is selected from dimethylaminoethyl methacrylate or 
dimethylaminopropyl methacrylamide. Suitable polymers include homo-, co- or terpolymers. 
Examples of such polymers include but are not limited to pol>ethyleneimine, polyvinylamine, 
poly(vinylamine/vinyl alcohol), chitosan, polylysine and alkyl acrylate polymers in general. 
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Additional examples of alkyl acrylate polymers include polydimethylaminoethyt methacrylate, 
polydimethylaminopropyl methacrylamide, poly(acrylamide/dimethylaminoethyl methacrylate), 
poly(acrylamide/dimethylaminopropyl methacrylamide), and poly (acrylic acid/dimethylaminoethyl 
methacrylate). The most preferred polymers are polydimethylaminoethyl methacrylate and 
polydimethylaminopropyl methacrylamide. 

[0010] Preferred hydrophobic compounds for use in this embodiment are alkyl halides. 
Preferably, the alkyl chain portion of the hydrophobic compound has from about 4 to about 30 
carbons. A particularly preferred hydrophobic compound is cetyl bromide. 
[0011] Additional hydrophobically modified water soluble polymers useful in the first 
embodiment are preferably prepared from a variety of hydrophilic monomers and 
hydrophobically modified hydrophilic monomers. Examples of particularly suitable hydrophilic 
monomers which can be utilized include acrylamide, 2-acrylamido-2-methyl propane sulfonic 
acid, N,N-dimethylacrylamide, vinyl pyrrolidone, dimethylaminoethyl methacrylate, acrylic acid, 
dimethylaminopropylmethacrylamide, vinyl amine, trimethylammoniumethyl methacrylate 
chloride, methacrylamide and hydroxyethyl acrylate. Of these, acrylamide, 2-acrylamido-2-methyl 
propane sulfonic acid, acrylic acid, dimethylaminoethyl methacrylate, dimethylaminopropyl 
methacrylamide and vinyl pyrrolidone are preferred. 

[0012] A variety of hydrophobically modified hydrophilic monomers can also be utilized to 
form the polymers useful in accordance with this invention. Particularly suitable hydrophobically 
modified hydrophilic monomers include, but are not limited to, alkyl acrylates, alkyl 
methacrylates, alkyl acrylamides and alkyl methacrylamides wherein the alkyl radicals have from 
about 4 to about 22 carbon atoms; alkyl dimethylammoniumethyl methacrylate bromide, alkyl 
dimethylammoniumethyl methacrylate chloride and alkyl dimethylammoniumethyl methacrylate 
iodide wherein the alkyl radicals have from about 4 to about 22 carbon atoms; and alkyl 
dimethylammoniumpropyl methacrylamide bromide, alkyl dimethylammoniumpropyl 
methacrylamide chloride and alkyl dimethylammoniumpropyl methacrylamide iodide wherein the 
alkyl groups have from about 4 to about 22 carbon atoms. Of these, 
octadecyldimethylammoniumethyl methacrylate bromide, hexadecyldimethylammoniumethyl 
methacrylate bromide, hexadecyldimethylammoniumpropyl methacrylamide bromide, 2- 
ethylhexyl methacrylate and hexadecyl methacrylamide are preferred. 
[0013] Polymers that are useful in accordance with this embodiment can be prepared by 
polymerizing any one or more of the hydrophilic monomers with any one or more of the 
hydrophobically modified hydrophilic monomers. Methods for preparing such polymers are 
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known to those skilled in the art as represented by U.S. Patent No. 6,476,169, the entiie 
disclosure of which is incorporated herein by reference. 

[0014] Accordingly, suitable polymers have estimated molecular weights in the range of from 
about 250,000 to about 3,000,000 and have mole ratios of the hydrophilic monomer(s) to the 
hydrophobically modified hydrophilic monomer(s) in the range of from about 99.98:0.02 to about 
90:10. Particularly suitable polymers having molecular weights and mole ratios in the ranges set 
forth above include, but are not limited to, acrylamide/octadecyldimethylammoniumethyl 
methacrylate bromide copolymer, dimethylaminoethyl 

methacrylate/hexadecyldimethylammoniumethyl methacrylate bromide copolymer, 
dimethylaminoethyl methacrylate/vinyl pyrrolidone/hexadecyldimethylammoniumethyl 
methacrylate bromide terpolymer and acrylamide/2-acrylamido-2-methyl propane sulfonic acid/2- 
ethylhexyl methacrylate terpolymer. Of these, a dimethylaminoethyl 

methacrylate/hexadecyldimethylammoniumethyl methacrylate bromide copolymer having a mole 
ratio of hydrophilic monomer to hydrophobically modified hydrophilic monomer of 95:5 is a 
preferred pre-reacted hydrophobically modified relative permeability modifier. 
[0015] In the second embodiment, the hydrophilically modified relative permeability modifier 
is preferably the reaction product of a hydrophilic reactive polymer and a hydrophilic compound. 
Hydrophilic reactive polymers suitable for use in the aqueous solutions of the second 
embodiment are preferably polymers containing reactive amino groups in the polymer backbone 
or as pendant groups. A more preferable polymer has dialkyl amino pendant groups. Most 
preferably, the polymer has a dimethyl amino pendant group and is the product of a 
polymerization reaction in which at least one monomer is selected from dimethylaminoethyl 
methacrylate or dimethylaminopropyl methacrylamide. Suitable polymers include homo-, co- or 
terpolymers. Examples of such polymers include but are not limited to polyethyleneimine, 
polyvinylamine, poly(vinylamine/vinyl alcohol), chitosan, polylysine and alkyl acrylate polymers in 
general. Additional examples of alkyl acrylate polymers include polydimethylaminoethyl 
methacrylate, polydimethylaminopropyl methacrylamide, poly(acrylamide/dimethylaminoethyl 
methacrylate), poly(acrylamide/dimethylaminopropyl methacrylamide), poly (acrylic 
acid/dimethylaminoethyl methacrylate). The most preferred polymers are 
polydimethylaminoethyl methacrylate and polydimethylaminopropyl methacrylamide. 
[0016] Additional hydrophilic reactive polymers useful in the second embodiment are 
preferably prepared from a variety of hydrophilic monomers copolymerized with monomers 
containing reactive amino groups. Examples of particularly suitable hydrophilic monomers which 
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can be utilized include, but are not limited to, acrylamide, 2-acrylamido-2-methyl propane 
sulfonic acid, N,N-dimethylacrylamide, vinyl pyrrolidone, acrylic acid, trimethylammoniumethyl 
methacrylate chloride, methacrylamide and hydroxyethyl acrylate. Of these, acrylamide, 2- 
acrylamido-2-methyl propane sulfonic acid, acrylic acid, and vinyl pyrrolidone are preferred. 
[0017] The hydrophilic compounds suitable for reaction with the hydrophilic reactive 
polymers include halogen containing polyethers. Examples of such polyethers include 
polyethylene oxide, polypropylene oxide, polybutylene oxide, and mixtures thereof. The 
preferred halogen containing polyether is an epichlorohydrin terminated polyethyleneoxide 
methyl ether. 

[0018] Accordingly, suitable polymers have estimated molecular weights in the range of from 
about 250,000 to about 3,000,000 and have weight ratios of the hydrophilic reactive polymers to 
the halogen containing polyethers in the range of from about 1:1 to about 10:1. Particularly 
suitable polymers having molecular weights and weight ratios in the ranges set forth above 
include, but are not limited to, the reaction product of polydimethylaminoethyl methacrylate with 
epichlorohydrin terminated polyethyleneoxide methyl ether, the reaction product of 
poly(acrylamide/dimethylaminoethyl methacrylate) with epichlorohydrin terminated 
polyethyleneoxide methyl ether, the reaction product of polydimethylaminopropyl methacrylamide 
with epichlorohydrin terminated polyethyleneoxide methyl ether, and the reaction product of 
poly(acrylamide/dimethylaminopropyl methacrylamide) with epichlorohydrin terminated 
polyethyleneoxide methyl ether. Of these, a polydimethylaminoethyl methacrylate epichlorohydrin 
terminated polyethyleneoxide methyl ether reaction product having a weight ratio of 
polydimethylaminoethyl methacrylate to epichlorohydrin terminated polyethyleneoxide methyl 
ether of 3:1 is preferred. 

[0019] In a preferred embodiment of the invention, the aqueous well treatment fluid includes 
from about 0.1 to 3.0% by weight of the water soluble relative permeability modifier, and more 
preferably from about 0.2 to 1 .0% by weight of the water soluble relative permeability modifier. 
[0020] In operation, an aqueous well treatment fluid including a water soluble relative 
permeability modifier according to the foregoing is placed down hole in a well bore that includes 
water producing zones for modifying the permeability of the water producing zones without 
affecting the production of hydrocarbons. 

[0021] In a first embodiment of operation, the relative permeability modifier is mixed with an 
aqueous well treatment fluid. Applicants propose that during the normal "leak-off' of aqueous 
well treatment fluids into the formation, the relative permeability modifier is adsorbed into the 
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formation. As shown in the accompanying examples, this leads to a significant percentage 
reduction in water permeability. 

[0022] It can be readily appreciated that an aqueous well treatment fluid including a relative 
permeability modifier according to the foregoing is advantageous because it can provide 
improved zonal isolation between zones at the time of completion, eliminate or postpone the 
need for water shutoff during the production phase of the well, and extend the production phase 
of the well life. 

[0023] In carrying out the methods of the present embodiment, an aqueous well treatment 
fluid comprising a relative permeability modifier is provided. The aqueous well treatment fluid is 
introduced into a subterranean zone through a well bore penetrating the subtenranean zone. 
The relative permeability modifier is allowed to decrease the co-production of water with 
hydrocarbons. 

[0024] In other methods of the present embodiment, a well bore treating fluid is introduced 
into a well bore to separate a first fluid from a second fluid and to displace the first fluid from the 
wellbore in advance of the second fluid. In such methods, the wellbore treating fluid includes a 
water soluble relative permeability modifier, and the water soluble relative permeability modifier 
includes a hydrophobically modified water soluble polymer or a hydrophilically modified water 
soluble polymer. According to such methods, the water permeability of the well bore is reduced. 
[0025] The following examples are illustrative of the methods and compositions discussed 
above. 

EXAMPLE 1 

[0026] A relative permeability modifying polymer of the present embodiment can be made by 
mixing 47.7 grams ("g") deionized water, 0.38 g n-hexadecyl dimethylammonium ethyl 
methacrylate bromide, and 1 .1 g acrylamide, and sparging with nitrogen for approximately 30 
minutes. Thereafter, a polymerization initiator, such as 0.0127 g of 2,2'-azo bis (2- 
amidinopropane) dihydrochloride is added. The resulting solution is then heated, with stirring, to 
1 10°F and held for 18 hours to produce a highly viscous polymer solution. 

EXAMPLE 2 

[0027] A relative permeability modifying polymer of the present embodiment can be made by 
mixing 41.2 g deionized water, 0.06 g of octadecyl methacrylate, 0.45 g of a cocoamidopropyl 
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betaine surfactant, and 1.26 g acrylamide. Thereafter, a polymerization initiator, such as 0.0127 
g of 2,2 , -azo bis (2-amidinopropane) dihydrochloride is added. The resulting solution is then 
heated, with stirring, to 1 10°F and held for 18 hours to produce a highly viscous polymer 
solution. 

EXAMPLE 3 

[0028] A polymer can be made by mixing 1968.0 g deionized water, 105.0 g 
dimethylaminoethyl methacrylate (DMEMA) and sparging with nitrogen for 30 minutes. 
Thereafter, the pH is adjusted to approximately 7.9 with sulfuric acid and a polymerization 
initiator, such as 0.46 g of 2,2-azo bis (2-amidinopropane) dihydrochloride is added to form poly- 
DMEMA. 

[0029] The poly-DMEMA is then hydrophobically modified by adding 71 .0 g of poly-DMEMA 
to a 250 mL round bottom flask, followed by 15% NaOH to achieve a pH of approximately 8.9. 
Next, 54.6 g water, 0.36 g C1 6 alkyl (n-hexadecyl) bromide, and 0.39 g 
benzylcetyldimethylammonium bromide surfactant are added to quatemize the poly-DMEMA 
homopolymer and form a DMEMA - n-hexadecyl alkyl-DMEMA copolymer. This mixture is then 
heated, with stirring, to 140° F for 24 hours to produce a highly viscous polymer solution, namely, 
the relative permeability modifying polymer. 

EXAMPLE 4 

[0030] A relative permeability modifying polymer was prepared comprising a pH 6 solution of 
2% potassium chloride by weight and 6000 ppm C16 alkyl poly-DMEMA polymer from 
EXAMPLE 3 to conduct a conventional water permeability reduction test. The test was carried 
out at 200°F utilizing a Hassler sleeve containing a Berea brown sandstone core and having 
three pressure taps (as well as an inlet and an outlet for determining pressure), thereby dividing 
the core into four segments. The core experiences a flow sequence conventionally referred to 
as 1) water, 2) oil, 3) water, 4) treatment fluid, and 5) water. The water used in the permeability 
reduction test is a brine containing 9% sodium chloride by weight and 1% calcium chloride by 
weight. The oil used in the permeability reduction test is kerosene. 

[0031] The first two flow steps (water, oil) prepare the core for the test. In the third flow step, 
the brine was passed through the core until the pressure stabilized, and the initial permeability of 
the core was measured by determining the pressure at the pressure taps and outlet. The results 
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are listed in TABLE 2 as "Initial Core Permeability." Thereafter, the treatment fluid containing the 
relative permeability modifying polymer was passed through the core. Next, brine was passed 
through the core to determine the permeability of the core after treatment. This data was used 
to calculate a percentage reduction in permeability according to the formula: 

(1 - (final permeability/initial permeability)) x 100 

[0032] The results are reported in TABLE 2 as "Percent Reduction of Water Permeability." 
The Initial Core Permeability and Final Core Permeability are reported in millidarcy ("mD") units. 



TABLE 2 





Initial Core 
Permeability ("mD") 


Final Core 
Permeability ("mD") 


o Percent Reduction of 
Water Permeability 


Total 


465 


4.65 


99 


Segment 1 


782 






Segment 2 


322 


3.22 


99 


Segment 3 


465 


4.65 


99 


Segment 4 


1095 


10.95 


99 



[0033] The polymer is very effective, as TABLE 2 shows a 99% brine permeability reduction. 

[0034] Although only a few exemplary embodiments of this invention have been described in 
detail above, those skilled in the art will readily appreciate that many other modifications are 
possible in the exemplary embodiments without materially departing from the novel teachings 
and advantages of this invention. Accordingly, all such modifications are intended to be 
included within the scope of this invention as defined in the following claims. 
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